The intake of carbohydrates has been evaluated cross-sectionally, but not longitudinally in an ageing American adult population. The aim of the present study was to examine trends in the intake of dietary carbohydrates and their major food sources among the Framingham Heart Study Offspring (FOS) cohort, which had been uniquely tracked for 17 years in the study. The FOS cohort was recruited in 1971 -1975. Follow-up examinations were conducted, on average, every 4 years. Dietary data collection began in 1991 (examination 5) using a validated semi-quantitative FFQ. The study included 2894 adults aged $ 25 years with complete dietary data in at least three examinations from 1991 to 2008. Descriptive statistics were generated using SAS version 9.3, and a repeated-measures model was used to examine trends in the intake of carbohydrates and their food sources in the whole sample, and by sex and BMI category. Over 17 years of follow-up, the percentage of energy from total carbohydrates (51·0-46·8 %; P for trend, 0·001) and total sugars (18·2-16·6 %; P for trend,0·001) decreased. There was a decrease in the percentage of energy from fructose (5·4-4·7 %; P for trend, 0·001) and sucrose (9·8 -8·8 %; P for trend, 0·001). Dietary fibre intake increased (18·0-19·2 g/d; P for trend, 0·001). The number of weekly servings of yeast bread, soft drinks/soda, cakes/cookies/quick breads/doughnuts, potatoes, milk, pasta, rice and cooked grains, fruit juice/drinks, potato chips/maize chips/popcorn, and lunch foods (e.g. pizzas and burgers) decreased significantly (P for trend,0·001), while the intake of ready-to-eat cereals, legumes, fruits, dairy products, candy and ice cream/sherbet/frozen yogurt increased significantly (P for trend,0·04). Similar trends were observed when the analyses were stratified by sex and BMI. The present results suggest favourable trends in dietary carbohydrate consumption, but dietary guidelines for fruits, vegetables and fibre were not met in this cohort.
The quantity and quality of carbohydrates have been reported to be associated with the risk and progression of a number of chronic diseases including cancer, CVD and type 2 diabetes (1 -7) . While refined grains, sugars and sugarsweetened beverages have been shown to be associated with an increased risk of cancer (3, 5) , CVD, the metabolic syndrome, type 2 diabetes (4, 8) and weight gain (9) , whole grains and fibre have been reported to be inversely associated with weight gain (10, 11) and to play a protective role in the aetiology and management of chronic diseases (6,7,12 -14) . Because the type and amount of carbohydrate intake have been theorised to play a pivotal role in the pathophysiology of chronic diseases, it is important to describe the trends in carbohydrate consumption in ageing populations.
Despite these observed associations of carbohydrate quantity and quality with obesity and chronic diseases, few studies have evaluated the intake and food sources of dietary carbohydrates in different population groups across the USA (15 -20) . Additionally, while the intake of carbohydrates and sugars in the US population has been previously evaluated cross-sectionally using the National Health and Nutrition Examination Survey (NHANES) data (19, 21, 22) , no study has evaluated trends in the consumption of total carbohydrates, sugars, fibre and carbohydrate food sources in an ageing sample of US adults. These longitudinal analyses in an American population uniquely evaluated whether changes in carbohydrate intake over time have been consistent with changes in dietary guidance, food supply and product labelling. The objective of the present study was to examine trends in the intake of dietary carbohydrates and their major food sources using the Framingham Heart Study Offspring (FOS) cohort. The study encompasses a 17-year period from 1991 to 2008, during which there has been increased emphasis on the consumption of whole grains and moderation of sugar intake in US dietary guidelines (23 -26) . This period also reflected changes in the market availability of carbohydrate food sources, whole grains and foods with added sugars (27 -29) , which may have affected trends in carbohydrate intake in this population. Therefore, the present study was carried out to investigate changes in dietary carbohydrate intake from middle to older adulthood. The availability of anthropometric data also allowed the assessment of trends in carbohydrate intake among normal-weight, overweight and obese individuals.
Subjects and methods

Study population
The Framingham Heart Study (FHS) is an ongoing study in Framingham, MA, initiated between 1948 and 1953 (30) . The FOS cohort consists of children of the Original Cohort and their spouses (n 5124). Recruitment of the FOS was initiated in [1971] [1972] [1973] [1974] [1975] ; clinical and medical examinations were conducted, on average, every 4 years, with the last examination being conducted in 2008 (31, 32) . Details of the FHS have been published previously (30, 31, 33) . All research activities were consistent with the ethical standards of New York University's Institutional Review Board. The overall retention rate of participants was 80 % from examination 5 (n 3799) to examination 8 (n 3021) with 3418 and 2720 valid FFQ at each of these examinations, respectively. We restricted our analytical dataset to include participants aged . 25 years with at least three of four complete dietary assessments during examinations 5 -8, reflecting the period during which dietary data were collected (n 2439-2742). Individuals who left more than thirteen blanks in the FFQ were excluded by the FHS investigators (34) . Additionally, per the criteria for 'implausible intakes' established by the FHS, participants with energy intake outside of the ranges of 2510-17 569 kJ/d (600 -4199 kcal/d) and 2510-16 732 kJ/d (600 -3999 kcal/d) for men and women, respectively, were also excluded from the analyses (n 160) (34) .
Data collection
Assessment of dietary intake. Dietary intake was assessed since 1991 using the validated 131-item Harvard semiquantitative FFQ that queried the frequency of food intake with standard serving sizes during examinations 5 -8 (35) . The FFQ were mailed to the participants and reviewed by trained personnel along with the participants during each examination to ensure the accuracy of dietary self-reports. The frequency with which the participants consumed foods was queried using options ranging from never or , 1 serving/ month to $ 6 servings/d in the past year (35) . The US Department of Agriculture (USDA) database that was used to estimate nutrient intakes from the FFQ was updated periodically to reflect changes in the food supply over time (36) . Assessment of other variables. Height and weight were measured by trained personnel during each visit and were used to calculate BMI. Other covariates including age, education and smoking status were self-reported during each examination (31) . Physical activity was measured during examinations 5, 7 and 8. Education was self-reported once during examination 2.
Statistical analyses
Descriptive statistics for anthropometric and clinical characteristics across the tertiles of carbohydrate intake during examination 5, including means and standard deviations, were computed using the SAS software version 9.3 for Windows (SAS Institute, Inc.). In the main analyses, trends in the intake of types of carbohydrates and carbohydrate-rich food sources in the whole sample and among men and women were evaluated by calculating means, standard deviations and P values for trends and P values for interactions over the four surveys. In exploratory analyses, trends were stratified by three BMI categories: normal weight (18·5-24·9 kg/m 2 ); overweight (25-29·9 kg/m 2 ); obese ($ 30 kg/m 2 ) (37) . Analyses were also stratified by sex. Analyses were stratified by sex and BMI because of potential differences in eating patterns between these subgroups. We also carried out sensitivity analyses for participants with and without chronic disease including CVD, cancer, diabetes and hypertension. In the assessment of trends, to allow individual differences in the overall level to be controlled, subject-specific random intercepts were used in the repeated-measures regression model. Maximum-likelihood estimates for trend coefficients and their associated P values were based on the generalised least-squares function in the non-linear mixed effects package in R (38) . Bonferroni corrections were applied to P values for subgroup analyses to correct for multiple comparisons while maintaining the significance level at 0·05.
Results
Participant characteristics across the tertiles of carbohydrate intake during examination 5
Participant characteristics across the tertiles of carbohydrate intake during examination 5 are summarised in Table 1 as percentages for categorical variables or as means and standard deviations for continuous variables. The mean age of men and women across the tertiles of carbohydrate intake ranged between 53·6 and 55·1 years. On average, both men and women were educated beyond high school. As carbohydrate intake increased, men were more likely to be younger (P for trend¼ 0·016), more educated (P for trend¼0·029), and have a lower BMI (P for trend¼0·003) and less likely to smoke (P for trend,0·001). On the other hand, BMI and age were not related to carbohydrate intake in women; yet, women with higher intakes were more likely to be more educated (P for trend¼0·033) and less likely to smoke (P for trend¼0·001). No significant linear trends were observed for other characteristics across the tertiles of carbohydrate intake in either sex (Fig. 1) .
Trends in dietary carbohydrate and macronutrient intake in men and women
As shown in Table 2 and Fig. 2 , over approximately 17 years, total carbohydrate intake, in g and as a percentage of total energy intake, decreased significantly in the whole sample (51·0-46·8 %) and in men (50·1-46·1 %) and women (51·7-47·4 %) (P for trend, 0·001). Total sugar intake, in g and as a percentage of total energy intake, also decreased in the whole sample (18·2-16·6 %) and in men (17·9-15·9 %) and women (18·4-17·2 %) (P for trend, 0·001). The intake of different sugars was also evaluated separately. Fructose intake, as a percentage of total energy intake, decreased in the whole sample (5·4-4·7 %), in men (5·4-4·6 %) and in women (5·4-4·9 %) (P for trend, 0·001). Similarly, sucrose intake decreased in the whole sample (9·8-8·8 %), in men (9·6-8·7 %) and in women (9·9-9·0 %) (P for trend, 0·001).
Total dietary fibre intake increased significantly in the whole sample from 18·0 to 19·2 g/d (P for trend, 0·001), in men from 18·1 to 18·8 g/d (P for trend¼0·047), and in women from 17·9 to 19·5 g/d (P for trend, 0·001). The percentage of energy from fat increased in the whole sample (27·3-29·8 %) and in both men (27·5-29·7 %) and women (27·2-29·9 %) (P for trend, 0·001). Similarly, the percentage of energy from protein increased in the whole sample (16·8-17·9 %) and in both men (16·1-17·3 %) and women (17·5-18·5 %) (P for trend, 0·001). However, there was no change in energy intake. Trends in carbohydrate intake did not differ significantly when the analyses were repeated among individuals with and without pre-existing chronic diseases and were similar to those in the overall population (data not shown).
Trends in dietary carbohydrate and macronutrient intake in normal-weight, overweight and obese participants Trends in carbohydrate intake were stratified by BMI category and explored in normal-weight, overweight and obese participants (Table 3 and Fig. 3 ). Total carbohydrate intake, both in g and as a percentage of total energy intake, decreased significantly in normal-weight (52·0-48·3 %), overweight (50·8-46·7 %) and obese (49·6-45·5 %) participants (P for trend, 0·001) over the study period of almost two decades. Total sugar intake, as a percentage of total energy, decreased in normal-weight participants (18·4-17·7 %) and in both overweight (18·2-16·5 %) and obese (17·6-15·7 %) participants (P for trend, 0·001). Fructose intake, as a percentage of total energy intake, decreased from 5·6 to 5·0 % in normal-weight participants, from 5·4 to 4·8 % in overweight participants, Table 1 . and from 5·1 to 4·4 % in obese participants (P for trend,0·001). Sucrose intake decreased from 9·8 to 9·5 %, from 9·8 to 8·7 % and from 9·6 to 8·3 % of total energy intake in normal-weight, overweight and obese participants, respectively (P for trend,0·001). Lactose intake increased significantly in only normal-weight participants. Total dietary fibre intake increased significantly from 18·2 to 20·0 g/d in normal-weight participants (P for trend, 0·001) and from 18·0 to 18·8 g/d in overweight participants (P for trend¼0·032), but not among obese participants. The percentage of energy from fat increased in normal-weight (26·6 -28·9 %), overweight (27·3-29·7 %) and obese (28·5-30·9 %) participants (P, 0·001). Similarly, the percentage of energy from protein increased in normal-weight (16·7 -17·6 %), overweight (16·8-17·8 %) and obese (17·1-18·4 %) participants (P,0·001). There were no significant changes in energy intake among the three BMI categories.
Trends in carbohydrate food source intake among men and women
Foods that are considered to be the main contributors of dietary carbohydrate intake based on previous studies of the nationally representative Continuing Survey of Food Intakes by Individuals (15, 20) were selected a priori for the analyses (Table 4 ). The following food groups were included: yeast bread; soft drinks/soda; cakes/cookies/quick breads/doughnuts; jams; potatoes; ready-to-eat cereals; pasta; rice and cooked grains; milk; milk products; fruit juice/fruit drinks; ice cream/sherbet/frozen yogurt; potato chips/maize chips/ popcorn; legumes; grain desserts (pies/crisps/cobblers); fruits; vegetables (other than legumes); candy; lunch foods such as pizzas and burgers; alcoholic beverages. Servings are reported in ranges, and the FHS reports the imputed mean of each range, which was used in the calculation of means and for the evaluation of trends in the present study.
In the FHS Offspring generation between examinations 5 and 8, the number of weekly servings of yeast bread, soft drinks/soda, cakes/cookies/quick breads/doughnuts, potatoes, milk, pasta, rice and cooked grains, fruit juice/fruit drinks, potato chips/maize chips/popcorn, and lunch foods decreased significantly in the whole sample and in both men and women (P for trend, 0·003). There was a significant increase in the number of weekly servings of ready-to-eat cereals, ice cream/sherbet/frozen yogurt, legumes and fruits in the whole sample and of dairy products and candy in the whole sample and in only women (P for trend, 0·026). The number of weekly servings of jams/jellies decreased significantly in only women (P for trend, 0·001). There were no significant changes in the number of weekly servings of grain desserts (pies/crisps/cobblers), vegetables other than legumes, and alcoholic beverages.
Trends in carbohydrate-rich food intake among normal-weight, overweight and obese participants
We explored trends in carbohydrate-rich food intake by BMI category (Table 5 ). There was a decrease in the number of weekly servings of yeast bread, soft drinks/soda, cakes/ cookies/quick breads/doughnuts, potatoes, pasta, rice and cooked grains, fruit juice/fruit drinks, and potato chips/ maize chips/popcorn in normal-weight, overweight and obese participants (P for trend, 0·05). The number of weekly servings of lunch foods, on the other hand, decreased in overweight and obese participants (P for trend,0·001), but did not change in normal-weight participants.
An increase in the number of weekly servings of milk products, ready-to-eat-cereals, ice cream/sherbet/frozen yogurt, and fruits was observed across the three BMI categories (P for trend, 0·01). Legume intake increased in normalweight and overweight participants, while candy intake increased only among normal-weight participants (P for trend, 0·001). The number of weekly servings of jams and jellies, grain desserts, vegetables other than legumes, and alcoholic beverages did not differ by BMI category.
1990 (23) 'Choose a diet with plenty of vegetables, fruits, and grain products. Use sugars only in moderation.' 1995 (24) 'Choose a diet with plenty of vegetables, fruits, and grain products. Choose a diet moderate in sugars.' 2000 (25) ' 6·1  18·1  5·6  17·0  5·7  15·9  5·5  18·4  5·8  18·9  5·3  18·1  5·8  17·2  5·8  18·2  6·0  18·5  5·5  17·6  5·8  16·6  5·7 P for trend ,0·001 ,0·001 ,0·001 Total dietary fibre (g)   18·1  7·7  18·9  7·7  18·5  7·5  18·8  8·0  17·9  7·8  18·8  7·7  18·2  7·9  19·5  8·3  18·0  7·7  18·8  7·7  18·3  7·7  19·2  8·2 P for trend 0·047 ,0·001 ,0·001 Fat (%  energy)   27·5  6·0  26·8  6·1  27·9  6·0  29·7  6·0  27·2  5·9  26·3  6·0  27·7  6·3  29·9  6·1  27·3  6·0  26·5  6·1  27·8  6·2  29·8  6·1 P for trend ,0·001 ,0·001 ,0·001 Protein (%  energy)   16·1  3·2  16·5  3·1  16·7  3·3  17·3  3·4  17·5  3·3  17·6  3·3  17·9  3·3  18·5  3·6  16·8  3·3  17·1  3·2  17·3  3·4  17·9  3·6   P for trend  ,0·001  ,0·001  ,0·001  Total energy  kcal  2000·5 641·1  1972·3 639·4  1955·0 628·7  1982·6 668·7  1751·7 561·6  1749·4 561·6  1716·0 526·1  1787·2 594·2  1865·0 611·7  1852·0 608·8  1825·3 587·4  1875·2 636·2  kJ  8370·0 2682·3  8252·1 2675·2  8179·7 2630·4  8295·1 2797·8  7329·1 2349·7  7319·4 2349·7  7179·7 2201·2  7477·6 2486·1  7803·1 2559·3  7748·7 2547·2  7637·0 2457·6  7845·8 
Discussion
The present study uniquely investigated trends in the intake of dietary carbohydrates and their major food sources from 1991 to 2008 in a middle-aged sample of predominantly white Americans. The analyses indicate that total carbohydrate intake decreased in the whole sample and in both the sexes, which is consistent with the observed decline in the intake of the majority of carbohydrate sources in the diet. These trends did not vary when the analyses were stratified by BMI category. The decrease in total carbohydrate intake was accompanied by an increase in protein and fat intake in the whole sample, both the sexes, and all the three BMI categories, indicating that food sources of fat and protein replaced carbohydrates in this population. Our data demonstrate that the greatest measured decrease in the percentage of energy from carbohydrates occurred between 1998 and 2008 between examinations 7 and 8. The increased popularity of low-carbohydrate diets as a means for weight control in the 2000 s may have contributed to this observed trend (39) . Moreover, between 2003 and 2004, 700 'low-carb' and 3431 'no-carb' products were introduced into the food supply, respectively (39) , thereby increasing access to low-carbohydrate food choices. Food labels mandated by the 1994 National Labeling and Education Act for packaged foods may have 5·9  19·0  5·4  18·4  5·8  17·7  5·9  18·2  5·9  18·6  5·5  17·6  5·8  16·5  5·6  17·6  6·1  18·0  5·4  16·8  5·6  15·7  5·4 P for trend ,0·001 ,0·001 ,0·001 Total dietary fibre (g)   18·2  8·0  19·0  7·8  18·9  8·5  20·0  8·5  18·0  7·8  18·7  7·5  18·2  7·6  18·8  8·0  17·6  7·2  18·8  7·8  17·8  6·9  18·8  8·1 P for trend ,0·001 0·032 0·101 Fat (%  energy)   26·6  6·0  25·6  6·2  26·6  6·1  28·9  6·3  27·3  5·9  26·4  5·9  27·9  6·3  29·7  6·0  28·5  5·8  27·8  5·9  28·9  5·9  30·9  5·7 P for trend ,0·001 ,0·001 ,0·001 Protein (%  energy)   16·7  3·2  16·9  3·3  17·3  3·4  17·6  3·6  16·8  3·4  17·1  3·2  17·2  3·3  17·8  3·5  17·1  3·3  17·3  3·2  17·6  3·4  18·4 3·2  2·4  3·2  2·2  3·2  2·3  2·6  2·0  3·1  2·4  3·1  2·4  2·9  2·3  2·5  2·0  3·1  2·4  3·1  2·3  3·0  2·3  2·6  2·0  P for trend  ,0·001 ,0·001 , 0·001 Ready-to-eat cereals ‡ ‡   3·7  4·5  3·8  4·3  3·9  4·2  4·3  4·3  3·5  4·3  3·9  4·4  3·9  4·8  4·5  4·7  3·6  4·4  3·9  4·4  3·9  4·6  4·4  4·5 P for trend ,0·001 ,0·001 , 0·001 Milk § §  5·6  6·4  5·4  6·6  5·3  6·2  4·6  5·7  5·3  5·8  5·5  5·9  5·3  6·1  4·8  5·4  5·4  6·0  5·4  6·2  5·3  6·1  4·7  5·6  P for trend  ,0·001  ,0·001  , 0·001  Pasta  1·8  1·4  2·0  1·5  1·9  1·8  1·5  1·4  1·9  1·5  2·0  1·5  1·8  1·4  1·3  1·2  1·9  1·5  2·0  1·5  1·8  1·6  1·4  1·3  P for trend  ,0·001  ,0·001  , 0·001  Rice and cooked  grainskk   1·3  1·4  1·3  1·4  1·2  1·3  1·1  1·2  1·4  1·7  1·4  1·5  1·2  1·4  1·1  1·2  1·3  1·6  1·3  1·5  1·2  1·3  1·1  1·2   P for trend  ,0·001  ,0·001  , 0·001  Milk products{{  6·9  8·5  6·7  7·9  6·7  7·5  7·4  8·1  6·6  7·3  6·8  7·1  7·0  7·3  8·7  8·8  6·7  7·8  6·7  7·4  6·9  7·4  8·1  8·5  P for trend  0·12  ,0·001 , 0·001 Fruit juice and fruit drinks*** 7·1  7·2  7·2  6·8  7·2  7·1  5·8  6·1  6·2  7·3  6·4  6·9  6·3  6·9  4·7  5·7  6·6  7·3  6·8  6·9  6·7  7·0  5·2 1·6  2·3  1·6  2·6  1·6  2·5  1·9  3·0  1·2  2·0  1·2  2·2  1·4  2·4  1·6  2·1  1·4  2·2  1·4  2·4  1·5  2·4  1·7  2·5 P for trend ,0·001 ,0·001 , 0·001 Potato chips/maize chips/popcorn ‡ ‡ ‡ 5·3  7·8  4·8  7·8  5·0  7·7  4·6  6·8  6·2  8·8  5·3  8·2  5·3  7·8  4·8  7·2  5·8  8·4  5·1  8·0  5·2  7·7  4·7  7·0 P for trend 0·01 ,0·001 , 0·001 Legumes (beans/ lentils) § § §   2·4  1·9  2·4  2·0  2·5  2·1  2·5  2·1  2·4  2·0  2·5  2·0  2·7  2·7  2·8  2·6  2·4  2·0  2·4  2·0  2·6  2·5  2·7  2·4 P for trend 0·04 ,0·001 , 0·001 Grain desserts (pies/ crisps/cobblers)kkk 0·5  0·7  0·5  0·7  0·5  0·8  0·5  0·8  0·4  0·6  0·3  0·6  0·3  0·6  0·3  0·8  0·4  0·6  0·4  0·7  0·4  0·7  0·4  0·8   P for trend  0·07  1·00  0·33  Fruits{{{  8·5  8·3  9·0  7·9  9·3  8·7  8·9  7·5  9·5  7·8  10·1  7·8  10·6  8·5  10·9  8·3  9·0  8·1  9·6  7·8  10·0  8·6  10·0  8·0  P for trend ,0·001 ,0·001 , 0·001 10·6  8·0  10·0  7·9  9·9  7·6  9·7  3·8  6·1  3·9  6·6  3·8  6·1  3·8  5·9  5·7  8·7  5·8  8·6  5·7  8·3  5·5  8·1 P for trend 0·36 1·00 0·16
* P values listed are for the whole sample and then for males and females. P values for interaction by sex were calculated. † Exams 5, 6, 7 and 8 took place between 1991 and 1995, 1995 and 1998, 1998 and 2001, and 2005 and 2008 , respectively. ‡ Based on food sources of total carbohydrates among US adults from 1989-1991 Continuing Survey of Food Intake by Individuals; flour/baking ingredients and sugar/syrups were also the primary sources of total carbohydrates among US adults, but this information was not available for the Offspring cohort. § Includes dark bread, white bread and English muffins/bagels. k Includes cola, cola without caffeine and non-cola soda. { Includes muffins/biscuits, pancakes/waffles, home-made cookies, readymade cookies, brownies, doughnuts, home-made cakes, readymade cakes, home-made sweet rolls and readymade sweet rolls. ** Includes jams and jellies. † † Includes white potatoes, French fries, yams and sweet potatoes. ‡ ‡ Includes cold cereals, cooked oatmeal, bran, wheat germ and other hot cereals. § § Includes skimmed or low-fat milk and whole milk. kk Includes pasta white rice, brown rice and other grains. {{ Includes cream, sour cream, yogurt, cottage/ricotta cheese, cream cheese and other cheese. *** Includes orange juice, grapefruit juice, apple juice/cider, lemonade and punch, and other fruit juices. † † † Includes sherbet/ice milk and ice cream. ‡ ‡ ‡ Includes potato/maize chips, crackers, popcorn and pizzas. § § § Includes tofu and soyabeans, string beans, peas/lima beans, and beans/lentils. kkk Includes home-made pies and readymade pies. {{{ Includes fresh apples and pears, bananas, raisins, prunes, cantaloupe, watermelon, oranges, grapefruit, strawberries, blueberries and peaches. **** Includes maize, broccoli, cabbage/coleslaw, cauliflower, Brussels sprouts, alfalfa sprouts, carrots (raw/cooked), mixed vegetables, winter squash, summer squash, beets, celery, spinach (raw/cooked), iceberg/head lettuce, romaine/leaf lettuce, tomatoes, tomato juice and tomato sauce. † † † † Includes chocolate, candy bars and candy without chocolate. ‡ ‡ ‡ ‡ Includes pizzas, hamburgers, meat sandwich or casserole. § § § § Includes red wine, white wine, beer and liquor. 3·3  2·6  3·9  2·4  3·8  2·0  3·3  1·7  2·7  1·8  3·0  1·8  2·9  1·7  3·1  1·7  3·1  1·9  2·9  1·8  2·9  1·5  2·6  P for trend  0·65  1·0  1·0  Potatoes † †  3·1  2·9  3·0  2·2  2·9  2·2  2·5  2·0  3·1  2·0  3·2  2·4  3·1  2·5  2·6  2·0  3·2  2·2  3·3  2·2  3·1  2·1  2·6  1·9  P for trend , 0·001 ,0·001 ,0·001 Ready-to-eat cereals ‡ ‡  3·8  4·8  4·2  4·9  4·3  4·4  4·9  5·4  3·8  4·4  3·9  4·1  4·1  5·1  4·5  4·3  3·0  3·6  3·4  3·9  3·3  3·8  3·9  3·6  P for trend , 0·001 ,0·001 ,0·001 Milk § §  5·3  6·0  5·2  5·8  5·4  6·3  4·9  5·9  5·7  6·1  5·6  6·6  5·5  6·3  4·8  5·5  5·3  6·0  5·3  6·1  5·0  5·7  4·5  5·3  P for trend  0·06  ,0·001  ,0·001  Pasta  1·9  1·4  2·1  1·5  1·8  1·4  1·3  1·3  1·9  1·5  2·1  1·6  1·8  1·8  1·4  1·3  1·9  1·4  2·0  1·4  1·8  1·4  1·5  1·4  P for trend  , 0·001  ,0·001  ,0·001  Rice and cooked  grainskk   1·4  1·8  1·4  1·5  1·3  1·5  1·1  1·3  1·2  1·5  1·3  1·5  1·1  1·3  1·0  1·1  1·3  1·4  1·3  1·4  1·1  1·2  1·1  1·3 P for trend , 0·001 ,0·001 , 0·001  Milk products{{  7·1  8·9  7·1  8·3  7·1  7·5  8·2  8·8  6·4  7·3  6·5  6·9  6·7  7·2  7·9  8·5  6·6  7·0  6·7  7·2  6·9  7·4  8·3  8·2  P for trend , 0·001 ,0·001 ,0·001 Fruit juice and fruit drinks*** 7·2  8·3  7·2  7·2  6·9  7·2  5·5  6·1  6·5  6·7  6·9  6·6  6·9  7·2  5·4  5·9  5·9  6·6  6·2  6·8  6·0  6·5  4·6  5·7 P for trend , 0·001 ,0·001 ,0·001 Ice cream/sherbet/ frozen yogurt † † †   1·2  2·0  1·2  2·5  1·3  2·3  1·6  2·2  1·4  2·1  1·4  2·5  1·5  2·5  1·7  2·8  1·6  2·4  1·4  2·1  1·7  2·6  1·8  2·5 P for trend , 0·001 ,0·001 0·002 Potato chips/maize chips/popcorn ‡ ‡ ‡ 6·1  8·9  5·6  9·1  5·6  8·4  5·1  7·8  5·4  7·6  4·9  7·4  5·2  7·8  4·4  6·5  6·2  8·9  4·9  7·6  4·7  6·9  4·7  6·8 P for trend 0·02 0·01 ,0·001 Legumes (beans/lentils) § § §   2·4  2·0  2·4  2·0  2·8  3·2  2·8  2·9  2·4  1·9  2·4  1·9  2·5  2·0  2·6  2·0  2·5  2·1  2·5  2·2  2·6  2·2  2·6  2·4 P for trend , 0·001 ,0·001 0·74 Grain desserts (pies/ crisps/cobblers)kkk 0·4  0·6  0·4  0·7  0·4  0·7  0·3  0·5  0·4  0·6  0·4  0·7  0·4  0·7  0·5  1·0  0·4  0·7  0·4  0·6  0·4  0·8  0·4  0·7   P for trend  0·79  0·35  1·0  Fruits{{{  9·2  7·6  10·1  8·4  10·8  9·1  10·8  8·4  9·2  8·7  9·5  7·5  9·8  8·1  9·8  8·1  8·6  7·4  9·3  7·7  9·4  8·8  9·4  7·4  P for trend , 0·001 ,0·001 ,0·001 Vegetables (other than legumes)**** 16·0  10·5  15·7  9·2  16·3  10·3  16·2  10·5  15·5  10·6  15·6  10·5  15·3  9·7  15·6  10·0  15·8  10·4  15·6  10·3  15·3  9·6  16·7  11·1 P for trend 1·0 1·0 1·00 
* P values listed are for the whole sample and then for males and females. P values for interaction by sex were calculated. † Exams 5, 6, 7 and 8 took place between 1991 and 1995, 1995 and 1998, 1998 and 2001, and 2005 and 2008 , respectively. ‡ Based on food sources of total carbohydrates among US adults from 1989-1991 Continuing Survey of Food Intake by Individuals; flour/baking ingredients and sugar/syrups were also the primary sources of total carbohydrates among US adults, but this information was not available for the Offspring cohort. § Includes dark bread, white bread and English muffin/bagels. k Includes cola, cola without caffeine and non-cola soda. { Includes muffins/biscuits, pancakes/waffles, home-made cookies, readymade cookies, brownies, doughnuts, home-made cakes, readymade cakes, home-made sweet rolls and readymade sweet rolls. ** Includes jams and jellies. † † Includes white potatoes, French fries, yams and sweet potatoes. ‡ ‡ Includes cold cereals, cooked oatmeal, bran, wheat germ and other hot cereals. § § Includes skimmed or low-fat milk and whole milk. kk Includes white rice, brown rice and other grains. {{ Includes cream, sour cream, yogurt, cottage/ricotta cheese, cream cheese and other cheese. *** Includes orange juice, grapefruit juice, apple juice/cider, lemonade and punch, and other fruit juices. † † † Includes sherbet/ice milk and ice cream. ‡ ‡ ‡ Includes potato/maize chips, crackers, popcorn and pizzas. § § § Includes tofu and soyabeans, string beans, peas/lima beans, and beans/lentils. kkk Includes home-made pies and readymade pies. {{{ Includes fresh apples and pears, bananas, raisins, prunes, cantaloupe, watermelon, oranges, grapefruit, strawberries, blueberries and peaches. **** Includes maize, broccoli, cabbage/coleslaw, cauliflower, Brussels sprouts, alfalfa sprouts, carrots (raw/cooked), mixed vegetables, winter squash, summer squash, beets, celery, spinach (raw/cooked), iceberg/head lettuce, romaine/leaf lettuce, tomatoes, tomato juice and tomato sauce. † † † † Includes chocolate, candy bars and candy without chocolate. ‡ ‡ ‡ ‡ Includes pizzas, hamburgers, meat sandwich or casserole. § § § § Includes red wine, white wine, beer and liquor. allowed consumers to select lower-carbohydrate and sugar options, at a time when such diets were being advocated.
Total sugar, sucrose and fructose intake decreased in the whole sample and in both men and women. This decrease is consistent with the observed decrease in the consumption of some major sources of these sugars in this population, including soft drinks/soda, cakes/cookies/quick breads/ doughnuts, and fruit juice/fruit drinks. The intake of individual sugars was evaluated, as sucrose and fructose are the predominant added sugars in the diet including as components of high-fructose maize syrup implicated in the obesity epidemic. While sugar intake decreased, fibre intake reportedly increased in the whole sample and in both the sexes. Consistently, the intake of fibre-rich foods such as fruits, legumes and ready-to-eat cereals increased. To the extent that these ready-to-eat cereals were not highly processed varieties, the observed increase in fibre intake may have been driven, at least in part, by an increase in the consumption of whole grains.
The first numerical recommendation for total carbohydrate intake appeared in the 2005 dietary guidelines, where intake between 45 and 65 % of total energy intake was promoted ( Fig. 1 ) (26) . In the FOS, carbohydrate intake was within this range for all the four examinations and decreased over time. It must be noted that the shift from recommending diets low in fat (, 30 % of energy intake) from 1990 to 2000 (23 -25) to diets moderate in fat (25-35 % of energy intake) in 2005 (26) may have encouraged the replacement of energy from carbohydrates with energy from fat. Similarly, total sugar consumption decreased across the FOS examinations consistently, as dietary guidance increasingly emphasised the consumption of sugars in moderation and limitation of added sugar intake (23 -25) . In fact, the 2005 guidelines explicitly stated that higher consumption of added sugars makes it increasingly difficult to meet nutrient needs without experiencing weight gain (26) . The increase in fibre intake observed in the present study is consistent with the dietary guidelines, which encourage the consumption of a variety of fibre sources in the diet (23 -25) including fruits, vegetables, legumes and whole grains, over the past two decades. The 2005 recommendations to consume at least half of total grains as whole grains (26) may have partially contributed to the highest observed increase in fibre intake from examination 7 to examination 8. However, it must be noted that while the consumption of fruits, legumes and fibre increased over time, intakes in this sample fell below the fibre and 5-a-day fruit and vegetable recommendations for health promotion.
The results of the present study are similar to those observed in the cross-sectional NHANES analysis of secular trends in macronutrient intake between 1999 and 2008 (40) , which showed that the percentage of energy from carbohydrates decreased, while that of energy from fat and protein increased. Although the NHANES study time period overlaps with the FOS follow-up in these analyses, comparisons between the findings must consider the differences in methodology and sample characteristics. The NHANES analyses rely on 24 h recalls for dietary assessment, while the FHS used a validated semi-quantitative FFQ (35) . Moreover, the NHANES sample is representative of the US population, whereas the FHS sample represents a predominantly white middle-aged to older age population.
The present results must be interpreted in the context of the study's limitations. FOS participants may be health conscious, because they volunteered to participate in a longitudinal health study. Additionally, the observed decline in carbohydrate and sugar consumption may simply reflect the reduced food intake that is typically observed in ageing populations (41) , which is often accompanied by shifts to healthier eating patterns (42) . As inherent to observational studies that use FFQ, dietary intake is prone to measurement error including error due to inaccurate recall of past diet (43) . Self-reported FFQ data are particularly prone to under-reporting (44) , especially the underestimation of energy intake (45) . Furthermore, the FFQ was not reliably able to measure added sugar intake due to limitations of the USDA database, so only total sugar intake could be evaluated. However, the present study has notable strengths including the prospective design, long duration of follow-up of approximately two decades, and repeated measures of diet and anthropometric characteristics in a well-defined cohort.
In conclusion, the results of the present study suggest a favourable trend in dietary carbohydrate consumption that was consistent with related updates in dietary guidance. The decrease in carbohydrate consumption may reflect the concomitant increase in dietary fat intake in this cohort due to the liberalisation of recommended fat intake in dietary guidelines. However, it may also be a consequence of increased availability of 'no-carb' and 'low-carb' food products during an era in which the popularity of low-carbohydrate diets was high. In the light of the recent policy efforts to reduce the consumption of sugar-sweetened beverages, the present study indicates that food availability in the marketplace and within consumer reach in conjunction with dietary guidance may in fact play a pivotal role in the modification of consumption patterns. Therefore, policies that target access to sugar sources and increase both the availability and affordability of whole foods and healthier 'lower-sugar' processed foods may be effective for promoting healthy dietary changes.
